We present a new method of accurately and quickly characterizing waveguide loss using an arrayed waveguide grating (AWG) measured in a swept wavelength interferometer (SWI). By taking the Fourier transform of the interference pattern in the optical frequency domain we are able to accurately extract the waveguide propagation loss which is independent of insertion loss due to on and off chip coupling. This method is applied to a 400 nm x 230 nm silicon waveguide which we find to have a loss of 2.13±0.05 dB/cm. We will also present additional results for waveguide loss as a function of waveguide width. Introduction Reducing propagation loss in photonic waveguides is critical for optical interconnects and many other integrated photonic applications. As waveguide fabrication technology improves and sidewall roughness decreases, relative uncertainty in propagation loss measurements typically increases. Waveguide loss characterization has been performed in the past using several methods including measuring waveguides of different lengths, resonant quality factor, and fringe depth in MZI devices [1] [2] [3] [4] [5] . We propose a new method of waveguide propagation loss characterization using AWG's in a SWI, which is seen schematically in figure 1. By taking the fast Fourier transform (FFT) of the interference pattern we can extract the optical group delay of light propagating through the structure. From this, it is possible to differentiate the transmission of each individual waveguide due to the path length differences. This provides a simultaneous measurement of the transmission of a large number of waveguides. Given the path length difference of the waveguides we can then calculate propagation loss with an uncertainty of less than 0.1 dB/cm.
In equation 1, the quadratic term is the Gaussian envelope from the star coupler region, the linear term is related to the phase and loss accumulated in the ℎ waveguide at optical frequency , and is the speed of light. The AWG is placed into one arm of the fiber Mach-Zehnder interferometer where SWI methods are implemented [6, 7] . The electric field at one output of the interferometer is given by equation 2.
The first term in equation 2 comes from the reference arm of the interferometer, with length . The intensity, = | ( )| 2 at the output of the interferometer will then have ( + 1) 2 terms, where 2 of these terms are due to interference between light travelling in the AWG alone. The rest of the 2 + 1 terms correspond to the interference of the waveguides and the reference arm of the interferometer, and these are the terms of interest. Since the reference arm length of the interferometer is much longer than the longest optical path length of the AWG, the
The intensity in equation 3 is a superposition of terms which oscillate as the optical frequency is swept. The period of this oscillation depends on the optical path length difference between the reference arm of the interferometer and path length in the AWG. By taking the FFT of the intensity as a function of optical frequency we can observe the contribution to intensity from each term in equation 3 whose magnitude will appear as a 'peak' in the group delay domain [6, 7] . The contribution to transmission from the waveguides in the AWG and reference arm of the interferometer will appear as tightly grouped peaks in the group delay domain, as seen in figure 1 . By distinguishing which waveguide ( = 1,2 … 35) is contributing to the transmission, we can extract the relative transmission associated with each waveguide. Analyzing transmission data in the group delay domain is equivalent to analyzing data in the path-length-difference domain, or more succinctly, as a function of waveguide number . By integrating the intensity in each peak and taking the natural logarithm, we can fit the measurement to a quadratic function which aligns with the real part of equation 4. The quadratic term of equation 4 (with respect to ), depends on the parameters of the star coupler used in the AWG, while the linear term provides the waveguide loss. By fitting a 2 nd order polynomial to this data we can accurately extract the waveguide propagation loss which is independent of on and off chip coupling, seen in figure 1. This method of waveguide loss characterization is applied to an AWG consisting of 35 400 nm x 230 nm rectangular cross-section silicon waveguides fabricated in Sandia's 150 mm 248 nm lithography silicon photonics process to find a waveguide loss of 2.13±0.05 dB/cm Figure 1 -(a) Swept wavelength interferometer implemented in this study, (b)group delay domain spectra of the AWG with peak transmission from each waveguide circled in red, and (c) second order polynomial applied to group delay domain spectra to accurately extract waveguide loss.
Conclusions
We present a method to extract waveguide propagation loss from an AWG independent of insertion loss or coupling imperfections, which provides fast, accurate waveguide loss characterization. This method relies on taking the transmission data in the optical frequency domain and analyzing the data in the group delay domain using SWI techniques. This method of characterization is applied to an AWG with 400 nm wide waveguide which we find to have a loss of 2.13±0.05 dB/cm. We will present additional results for waveguide loss as a function of waveguide width for fully and partially etched waveguides.
